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Morphologic Study of Laminates
Obtained From Straight and Curved Folds.

Introduction

Naoko Takeda

The following work presents an alternative for generating innovative forms, which
can be applied in product design.

Instituto Tecnológico y de Estudios
Superiores de Monterrey

The most recurred idea representation and form generator in traditional design has
been “sketch”. This technique provides a means to represent the abstract ideas a
designer’s mind generates in a material world, which in turn generates new formal
ideas. The ideas a designer generates are actual databases in the mental archive
made through experiences obtained throughout his life.
This methodology is limited by the designer's imagination, frequently presenting a
repeating cycle, each time with less innovative elements.
The morphologic approach is a method used as an alternative to solving the formal
aspects of a product, incrementing in a considerable way innovation and creativity
levels. This method is an exploration method based in biomimicry as well as the
philosophy of “thinking with the hands”, that is, build based on the volumetric
construction of forms, its analysis and its transformations.
Explaining the Methodology
The basic idea of this method is to generate a data base with relevant information
on forms and mechanisms that can be readily available to designers as an “idea
generator” or to consult when confronted with a design problem.
The designer would start by selecting a topic, be it natural or artificial such as the
study of forms of wind, water or clay melting in an oven.
This paper specifically presents the study of forms obtained from combining curved
and straight folds in laminates of different material.
A subsequent research on the same topic would follow, as well as a term for
observation, analysis and experimentation. It is at this phase where new forms and
mechanisms evolve, which would otherwise hardly come to surface from the
designer's mind.
After studying the obtained results in such research, its final goal is reached: to be
able to apply it in the design of products and hence forward under traditional
methodology in material selection, production methods, ergonomic aspects, cost
analysis, etc.
Results
When applying this method in the study of laminated folds, certain objects that can
be produced industrially such as plates, chairs, lampshades are obtained. These will
have mechanisms that break current fashion standards set by similar objects found
nowadays in the market, thus acquiring a highly innovative structural, mechanical
and formal object.
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Morphologic Study of Laminates obtained from straight and
curved folds.
1. Introduction.
One of industrial design’s concerns is to give objects a formal solution, the
way how these are perceived by the user and the physical conditions that
allow it to be used. Throughout history such solutions have been found by
designers by means of different approaches and methodologies that help
them to put, in an orderly manner, a series of ideas and bringing them
forward as innovative as possible.
This project presents an alternate approach to traditional methodologies that
can be applied to product design: “the morphologic approach”. This is a
research method where exploration and experimentation is based on the
biomimical science as well as in the philosophy of “thinking with the hands”.
Biomimicry contributes basically three different concepts:
1. Considers nature as a model
2. Takes nature as a measuring guide
3. Uses nature as a mentor.
(Benyus, p.0)
“Thinking with the hands”, a practice that has been applied for a long time in
product design, tries to instill the designer to develop concepts in volumetric
hand-made models from the beginning as opposed to the traditional practice
of 2-D sketching. Sori Yanagi, a design pioneer in Japan, has been using
this technique for a long time now, proving with his success the degree of
formal innovation that his products have achieved with this philosophy.
Yanagi believes that a designer's true work must be literally hand made,
using clay, plaster, or any such material appropriate for leaving his ideas in a
third dimension, making the design process a truly tangible one, instead of
those which start with sketches on a piece of paper. Such philosophy is

concisely exposed in Sori Yanagi´s words: “The method of experiment and
reflection, trial and error that is employed in the workshop is the most basic
and effective part of the design work”. (Sori Yanagi Design, p.20).
Morphologic approach is based in both of these philosophies, having both
contributed great innovations in industrial design. We can mention Velcro as
an example of a design based on biomimics: The very well known product
was developed by George de Mestral after he studied a sample of
cockleburs under the microscope after they had been stuck in his pants.
(www.velcro.com). From Sori Yanagi´s products we can mention the
originality in his famous “Butterfly Stool” or his collections of dinnerware and
cooking devices, most of which forms were obtained from modeling and
experimenting with materials.
We can summarize that morphologic approach is a design methodology that
takes the designer to find new forms, structures and mechanisms that are
useful and available to apply in industrial design through an extensive
research and arduous experimenting with 3D models.

2. Methodology.
•

Selecting a topic: In order to start the journey of the morphologic
approach, the designer as to pick a subject of study from his own
interest. The designer must start with a list of the possible topics in order
to choose one where he considers he has a wider field for experimenting
and research, or merely an easier access to such topic. Water, wind,
plants, fractals, dripping, microorganisms, mathematical equations,
reflexes or projections are some examples of topics to choose from.

•

Documentation on the topic selected: Historical, biological, geometrical
facts, state of the art, etc.

•

Writing down the experiments to carry out: Based on the topic selected,
the designer creates a list of the way to tackle and get results:
photography, plaster casting, wax dripping, drying, hammering, etc.
Unorthodox experiments are encouraged.

•

Experimenting: The researcher starts experimenting and continues the
path where he will find best results.

•

Database: It is extremely important to keep a record of events along the
way with pictures, sketches and commentaries.

•

Applying the results: Starting with the database, the designer may be
inspired to give birth to design projects.

•

Application

in

design:

This

step

resembles

traditional

design

methodology where materials are selected and volumetric models,
functional models, and technical drawings are developed, among others.
This project will employ a research on folds in laminated materials to explain
step by step the morphologic approach.

3. Research.
3.1. Study of laminated structures made from curved and straight folds to be
applied in product design. Analysis of the behavior obtained from
combining straight and curved folds.
There is special interest for origami, with a presumption that it hides a
series of structures and mechanisms that can be useful in the application
of product design. As mentioned in the methodological procedure, it
starts with the study of its history and state of art of origami in general,
such topics not included in this article.
The experimental phase performed meticulously is that of analysis of the
behavior of the laminated structures that are created from straight folds
as in origami and including curved folds that generally do not exist in
origami.
We are continuously and systematically using objects such as letters,
books, lids, doors that open and close thanks to a hinge made with a
simple straight fold, easy for us to describe.

On a less frequent scale, we have contact with objects that have a
curved fold, making it less usual for us and thus harder for us to explain if
one is missing an example at hand.
If a curve fold is applied to a paper, the
sheet will be divided in two sections, the
fold will serve as a hinge but both
surfaces will curve and will not be able
to bend over one another, there shall
be a space between them that wouldn’t
be there if it should have been a
straight fold. In an introductory manner
and means of illustrating the behavior of
curved and straight folds, the following
experiments are carried out:
A table fig.1a, consisting of a set of
squares

is

used.

Each

square

represents a sheet of paper that has at
least one fold represented by lines.
On the first line the squares have been
named A, B, C, D, E, F.
A & B have a straight line: C & D a
curved line; E & F have two curves in
opposite direction to the preceding
squares. The different line qualities
(dashed line and dash-dot line) indicate
that those fold in an inverse way.
The first column shows a mirror image
of the ones described previously and
named A´, B´, C´, D´, E´, F´. The
combination between this column and
the line allows us to obtain: 48 possible
combinations of folds, from which 12
are single-folded and 36 have two folds.

Nevertheless, there are 14 basic folds, 2 of them
with only one fold and 12 of them with two folds.
The rest of the combinations are repeated in a
mirror image with respect to its similes. For
example, BE´ is the opposite of AF, EB´ is also its
mirror image. From all these some models are
easier to fold than others, the double concentric
circle indicates those sheets that can be easily
folded, those marked with a triangle present some
kind of complication and the damaged zone is
represented with sprinkled lines.
This analysis allows us to imagine to a certain
degree what happens when fold and straight
curves are applied simultaneously to a laminate
and the complexity achieved when incrementing
the folding elements with different characteristics.
3.1.1.

From Form to Application.

The study is begun by analyzing the folds of some
origami models such as:
•

The 8 basic schemes of traditional origami
form which an endless number of complex
models are derived.

•

“Tsuru”, traditional Japanese origami model.
(fig. 2)

•

“Menko” modern origami model. (fig. 3)

•

“Miura-ori” developed by the Japanese
scientist Koryo Miura. (fig. 4)

From each one a research is carried on to
obtain its history, place in society, etc., followed
by hard experimenting phase consisting of
mainly converting the straight folds into curved

ones, varying radii or omitting some of the folds
so that a series of formal variations are
obtained, many of which are hard to imagine,
but they serve as an inspiration source for
developing industrial design products.
From each of the subtitles enlisted, diverse
and interesting results were obtained: The
“Tsuru” obtained a self-lock structure in paper
consisting basically in a couple of folds plied
inversely between them; the first is a threecomponent fold that starts in the vertex of
corner of the square which is a straight section
that later turns into a cure that eventually goes
back to being a straight until it finishes when it
touches the starting point. To bring an analogy
forward, one could mention the form of an ice
cream cone (Fig. 5a, 5b). Inside, another
curved line is folded in opposite direction. When
the self-lock comes into action, the structure is
capable of maintaining its form by itself. To
achieve this effect, it is necessary for the
curved lines to be arranged in the same
direction as seen in the figure, the “self-lock
Tsuru” is still applied if the internal line is a
straight line as seen in the figure. But, the “selflock Tsuru” is lost when the direction of the
focal points of the curves are directed to the
center of the sheet. The variation in the
dimensions of the curves and straight lines
allow the “self-lock Tsuru” to be more or less
efficient as a lock system.
With “Menko”, was obtained an interesting
hinge system that allows the sheet to fold as a

diaphragm in third dimension and unfold along its surface. It consists of
four sets of folds, each one integrated by two curves; all four sets are
arranged as a spiral, folded in an intercalate way inverse to one another, in
such a manner that the sets in opposite position fold to the same direction.
This original model shown in the figure is developed and derived into the
following variants: (Fig. 6, 6a, 6b)
From the “Miura” model we took advantage of the fold and automatic
unfolding in third dimension. Curved folds were added to this model and
the combination of these with straight folds resulted in totally innovating
models that will serve as a basis for the design of a Christmas card shown
ahead. (Fig. 9)
After the experimentation is noticed that some
interesting

structures

cannot

stand

by

themselves; the options detected to allow
these forms to hold themselves are the
following:
•

Change materials such as a ceramic
material, metal or composed as the
fiber glass reinforced with resins

•

Use of an extra element that serves as
support or hold of the structure

•

Applying the concept of “auto-lock” or
“self-lock”, a method resulted from this
research and in process of being
patented.

•

A combination of the above. Folds
applied
materials,

to

laminates,
elements

change
and

in

holding

systems are a great source for the
designer
products

when

creating

innovative

3.1.2. Results
Tsuru: If we make a composition with a
repeating “self-lock Tsuru” in each of the
corners of the square material, this will result
as a container that requires no adhesive or
extra element such as a clip or staple so that
its form is maintained. This may be applied to
the design of triangular-base containers that
may hold liquids; the containers may also be
square shaped, or polygonal with regular or
irregular facets. (Fig. 7a, 7b)
One of the applications derived from the
Menko model was a lampshade which allows
a change of direct or indirect light through the
degree of fold that is given to it. (Fig 8a)
In a variant of figure 14 a section of the sheet
is eliminated (the third inferior part), and when
the folds are put in action the figure formed is
a chair with a left lateral (Fig. 6a, 8b). If a
mirror image is applied, the chair with a right
lateral is formed, brought together the design
of a love chair is obtained. (Fig. 6b)
The object derived from the study of the
scientific model of Miura is a Christmas
card.(Fig. 9)

3.2.1 Research on the Morphological Design Course
During the January-March 2004 semester, the Morphological Design Course
was taught for the first time in ITESM, Campus Monterrey.
The objective was to have students, in their senior year of Industrial Design,
get acquainted with a methodological alternative for design and with it
increase their levels of innovation and creativity.
The

methodology

was

exposed to a group of ten
students who developed
their own research line. As
was

expected,

models

and prototypes resulting
from

the

experimental

phase were presented at
the end of the course, and
being based on selected
topics the results were
interesting and innovative
contributions to Industrial
Design. Among the topics
chosen by the students
were: the study of water,
flowers, cacti, vegetable
and fire, among others.
Student Beatriz Vásquez
based her research on the
study of exotic fruits, from
an internal, external, aesthetical, and chemical point of view under the idea
that since these fruits are rare and not well known they could provide an
excellent matter of study. Using fruits such as tamarind, xoconostle (a
cactus pear) and grenade she experimented cuts, freezing, grinding and

paint injection. The results obtained were used on textile stamping to make
clothing and woman’s purse (Fig. 12).
By studying structures, forms and colors in a wide array of flowers and put
trough experiments such as drying and wax immersion, Paulina Zamacona
subtracted elements that took her to designing a hanging lamp.(Fig. 10)
Another outstanding research in the course was carried out by Angélica
Álvarez, whose design of a center table (Fig. 12) was inspired on the
observation of the waves produced by raindrops falling on a lake.

3.2.2 Ichi + One chair.
Naoko

Takeda

and Carlos Ortiz
developed a chair
while undertaking
the

research

on

folds in laminated
materials,
the

using

morphologic

approach,
especially by thinking with the hands. The goal was to design a couple of
modules (Japanese floor chairs) that when put together would make a
western style chair. In order to find the geometry suited for this a set of
experiments were designed, using carton and paper to develop the subtle
form of the chair, complying with a series of requirements. Even though a
series of sketches were made for first approaches to this design, the final
design was completely created and developed “by hand”, which makes this
project an invaluable example of this method. (Fig. 13)

4. Conclusion.
Morphologic approach is a methodology that invites the designer to be more
observant and sensitive to daily events. Being able to see, feel, smell, touch
and savor facts that are taken for granted for the immense majority, becomes
an asset to be used as an inspiration source for the development of innovative
products.
In the case of the laminates, it is only a handful of simple folds to the sheet
which brings an immense source of abstract shapes which can be developed
into design products used for their function as well as their looks. It is in this way
that self standing systems were obtained, opening a new possibility for
manufacturing products that do not require any type of fastening elements
which will bring a reduction in production and cost. The use of industrial
machines is promoted and the final assembly would be manual, this last part
being transported to the consumer when he is ready to use the product. In this
way, modern industry is mixed with a final touch given by the person who
finished the product, conveying a sense of personality and singularity to each
product.
This methodology incremented the student’s attention and sensitivity when in
contact to natural resources, and it also allowed ITESM students to know an
alternative methodology to the one used traditionally in design. Their minds
opened and their creativity was increased to solve industrial design problems in
different manner, as well as a way to find their own designing style.

All rights reserved, the products presented in this paper are currently under patenting process.
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